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CONVERSION MODULE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To sufficiently deeply form domain inversion parts 
and to obtain high wavelength conversion efficiency without requiring an 
intricate basic wave incident optical system by specifying the direction of the 
spontaneous polarization of a substrate within the plane perpendicular to the 
waveguide direction of the basic wave to a specific angle range with respect to 
one surface of the substrate. 

SOLUTION: The direction (Z-axis direction) of the spontaneous polarization of 
the substrate 2 within the plane perpendicular to the wavelength direction of the 
basic wave 4 is so inclined as to have the angle 6 (0° < 6 <90° ) with respect 
to the surface 2a on which the optical waveguide 1 of the substrate 2 is formed. 
As a result, the direction of spontaneous polarization of the substrate 2, i.e., the 
Z-axis direction, is not perpendicular to the substrate surface 2a and, therefore, 
even if the laser beam 4 emitted from a semiconductor laser 3 is made incident 
on the optical waveguide 1 in the state that the linear polarization direction 
(arrow Q direction) thereof parallels with the substrate surface 2a, a nonlinear 
optical constant is utilized and wavelength conversion is made possible. In such 
a case, the laser beam 4 is guided in the optical waveguide 1 in a TE mode. 
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[#fFSf#©«SH] 

*ffl-3^fci&^Tffitf43fc*i^:^j*£*i4. 

i©*««ttcat«©a*»«i©isir**ste 

«^©flS#K3^©a&E-*Iifc*rbT*l«0 (0 
° <0<9O° ) ftttbT04Clkft#8Ck-f 4#$Efi£ 

2ftfe&©T-ft^T> BiH3^a0* s 0<7O o ©IGHCft 
4<r fc*W»i:-r4j»*a 1 ffi*©**^**^. 

20° ©«BBt*Sii:ftW«fc-rsiS*5iHB«©*« 

t -r 4 if #ii i *» e> 3 ^m* 1 SK*©3fe« 

-;HC «t 5 J&fiR * nfc * © Tf » -3 T s bu IB^JK 0 #0. 5 
° <0©(6HC*SC4:ft«p«i:-rsa»*Sl*»63^ 

-rna> i JSia«©3tS[it««oR? . 

[»*S6] HufB^m^atS^bT, LiNb 
x Taj_ x 0 3 £K (O^x^l) #flJ^e>ftTV^4£ 
J:&Wak"rs»*Sil*»&5v^rti36»lS8B«©*« 

H-^SftfcL iNb0 3 StS^fflV^ntV^it* 

$Ktttt&Aft* *©e*^«©ieiisc*fbT«flEe 

(0° <0<9O° ) §&tSt'*^btlfi^M 

u 

T, S5b3 -f >SK«*^tr3tt««KftJI5ril-r 4 ' k 

ft #m k -r 4 jtSESsa*?©^**^. 
[»*fi9] stfBSiift, awaa&Kcai&fl'tf&BrJS 
^*->©«ffift^bTWin-r4ckftw»k-r4»# 
a 8 ib*©^*****?©^*^. 

cai d fttt itiffi&i* - >©*« ft b t m&ms. ft w 
io-r * *iSTf * * ^ t * w« k -r 4 9 aa«©*« 

[ft$flll] *&8B*»ftBHill-r43!fife& s , aotS 



[itfi2] sijfB»*ftTOn-rs^As, «?huib 

|*&T- ft 4 3 k ft IfSfc k -f 4 8 £ fc tt 9 IB«©:ft 
«fi*«MR?©f^fiR*ac. 

[«*« 1 3 ] ffi*« 1 fcB«©3fc«SSa!UfrPk, 
£©**^«*?©##«KfcaS#«k bt©U— tf 

-br-AftA»**4*»»u— «f-ka»&*ka »k 

Suf3*^^^©^«^ESt*^T u— y- tr-A 
# t e ^- k x-m®.? 4 <fc O CflMtent V> 4 C k ftW 
flk k -r 4 ^fcK^gs^ v 

[#gB,B©#ifflttSiHJ3] 
[0 0 0 1] 

[*lfi©JI|-r48«ffl-»] #2&BJlfct, tt^«Kft^2i«9l 

^{3^-T4^«mM©^^^ : PtBlb, it* 

V\ ^©3t*«BCfflHH 4" >SK«JtftJ&JE« bttt 
4 JfcjftSSESyR^C B 4 *» ©Tf ft 4 o 

[0 0 0 2] $&**UIIfcJU J3&©* -5 
: P©flsj*#ia*.fct* £©3fctfcft*SU*?ft*lfflb&3te 
fcER^ifc^ i — )v \z m-f 4 4> © T* ft 4 o 

[0 0 0 3] 

[«&#©«»] ^«»3t^»*ft*-r4ai»«fl:©a» 

»a (m^» ftraw«cfites*fciH«ftS!f*fc3te 

vfcftggl*?ftffl^T> a^ttfttt 2 ftIIStt:&Rg&| 
f 4 fimifimtz B leombergen 5> C «£ o T JS* ^ llT V ^ 4 
(Phys. Rev., vol. 127, No. 6, 1918 (1962) #M) o 
C©*^t*5V^T^i, h-/-f >SteB^5©MIWAft^ 
Ac = 2tt/ {/3 (2w) -2/J (&>).} 

fcfdb/? (2oi) &i8 2iaiiaK©e»@R 

X^-?L bti& =3 1— U > b SA c ffl^i!tf$^ 4 <£ o \Z 
!S;^-r4cikT% a*^k^2Sira«k©{iffiS^- 
to«>4i«K(MB«E^) ftm4Ck* s T-t4o 

[0 0 0 4] ^ IT, fiaUfcmSW 5-2 9 20 7f(I 
^*n4i-5t, ^i»^^«3|*A»&ft43fc#«iSft# 
U *Cft#«**fc«2Wftft«E*««-r43t**B® 
©^«*^^ft^ J ?^-*^^T> ±IfflioS:^l^>f> 
Sfe«3gftffMbT, ^I*A<(ifflS^ftm4iS^fett 
$nTV^4o 

[0 0 0 5] 

[»W* 5 »iftU*'5k-r4»«] -©ct^t^H^^ 

>fi<E«jift^j«Lfcfe*©*#»BS©***a£»* 
ss©a»^Mi©iRis©jaij>e»2o©^-f re* 
S'j$nxi^4o — ^©^'f ^©^SJisiJyii^ttia'ac 

SS 1 * s Mt>*4Sffififfl) t^fbT. ^EpPT*^t-a«2 

©g^^iciRi^^aii^tt^Ti^fecT-ft t>^ gy© 
r©3t«*as«yR : ?ttia4n^-rj:-5K:, ±ibms 

StB 2 a (3 *f b TSS 2 © g «^B© IrI $ C tt -=> 
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[0006] m%<D*-< 7<D?t%ifkm&m?i*. 

±M<D&m¥- 5 - 2 9 2 0 7^£^3ftTV>.5*>fflT- 

ns 0 wt, c©j&ico^T#u<Biifi-*-4. 

[0 0 0 7] 03©lgfiJct:;fcUT> «$#©£- AM* 

;£|pJ©tf-Afl#;*;£V'>&©i:&.3o £fe£©£§, d 
h;KD[pJ^tia^2 0@^®CD[p|t (-jttCL 
iNb0 3 «©Sfi««f*C*J^TN U%ftm<D\p\%&Z 

— A4©fcT— AM* — >i±, 0^B{c^-r«to ts 
QT-^-TIi^* WU©ft££¥fT&#[qJ©H-Ajl# 
A^<s -€-ft{;:i6:^&;£fn)©tr— Ag#/h£U4>©i:& 

[0 0 0 8] ^CT% If— 3A»£Hiitbfcl/ 

ft©tl##fp|ft i^fr-t!: 5 i: K— Aff£K# ^ ^ v «y =f- U 
W-tf-hT-A 4 ft$J*& <%mm& 1 CAA^tSI 
i:#T*££^o ^ot-feSi:, £ 2 it5Sm©§&K* s 'h£ 
v>fc©k&^>T LSo. 
[0 0 0 9] -?CT\ U-1f-fcr-A4©t:-AM*- 

C, =n,M-*-U>X5i:l6ftu>X6£©figf;:A/ 
2 « 7 ftlB bT £ £}*3t&S#& AS*ft#l& &<&S h & 

o 

[0 0 10] fnWbt, H4CjjVr*-f:7©3te«fi 
XftJR^W&tt, ±8B©J:5fcA/2«7fciii*&0 
ttJBTf U— !f- t-A 4 ©fflttflft^ft hS« 2 © Z«| 

t* , * fc u -if- 3 ft jitmim i ©s^ffl c tise 

[0 0 11] L^L^CDfiE iOgKtjjVr*^ :/© 
ftSMSUli^Hu H * -f >StegB 8 ft«f£3ia 2 a * 

So c©^^, 01 9fc#jHLT»u<aMirrs. 

[0 0 1 2] Cfflil 9t*V>t, DttH^-f >fi«aw 

-f >StegP8©^W«ilS>umgjei:55o ^nft^gft 

*>fi*^8©Hfc#fi*sffi©(Ii:©Jtfcl : ICti 

H^-f >MtegB8©*i (E4>©b>li£) fi2. 



5 /imi:!5;5. IfiiDSSffiffl- KWftrDHr^TffJfa 

-r 3 H+c-e^-rmajsiwfto.B >um«tt)^iffl< 

■TS©ttH*Tfc»K c=0.5 wmfctSfc, *fi§DA> 
£ M-f >SISW 8 ©EV#fafcd = 1 //mEltM-f 

>ste»8*di***ntf^ i*/-f >Kte»8©fi*«2. 

5 yumk^eSo 

[0013] H ^ -Y >&«^tt©/& jt%Ktt> MS 2 © 

a»d«©iRi#ci&o&*ienftt**<s e«^«©iRi 

^kSK5*[pI (o* SXffc&ft;fc«fctfY|fc£fpj) 
/J^<*-3T*SD, St, FpW>K<6flB*©Xtt;5n*J- 

*£w«#fa©jas»KttHb-e.»s. l&*^>^ 

±ifc©J:'3fc:LTl*.*-f >,6ME8B8©HS2.5 //mht 
^©S?2 (Ytt^fii©^®) Bl//mgii:5o 

[0 0 14] JM±©<fc3&3aK:J:»K **-f ^©ft* 
©^RfiSaSUirpC^Tttx hV-f >S«ffl©»!*4» 

»)> *©&«>* \* * 4 >&mmt.mvtft 

fee 

[0 0 15] #«Ett±aB©JW&C**T&;afftfc*© 
4*i^u-if-fc^«*«fcLTfflv i >*»£-fc* 

[ooi6] ^©id&^iRaaaftsR? 
*^j«-rs»»sa«-r4cik*B«i:-ra*©T?» 

[0 0 17] *6>Ki*«Wtt, *©i5ft3t**SE«Bl! 
^SrfflV^T, JfiSV>«fi*aS(I*©TCJ«Hi*©«[fi»ft 

■r s c: t & g w h -r s © t- s . 

[0018] 

s^gim^^atst, *©-«iac»^T®tjf4** 
affls^jasnstttit:, c©**«ist:»i6©a* 
^®©[pi*ftMiE^-&fe -f ^sKw^jasiiwcflaa 

^ [q] c m&r -s s*?K ft iQft-r * % ^mm^iz. 

43V^■t^ »*lK©^*[plCSifi5®rt(C*5^Tx mk 

fflg^@©r6i^A s ^ate©±iB-^ntMbT, ftjs 
e (o° <0<9o° ) fe*bTv^s^i:s«H»i:-r5* 

©T'feSo 

[0 0 19] 3fe*±EftfiCe©±|Rflat:r3^T#ii 

i:> jt^aasstf^D h>5E»K:«tt)?&j«*nfc*i©T* 
■s^f^ w«iM2t:f3«©cto^0<7o o tis^-rs 

--;i/tJ;f5jfM$nfc*©T-fc5®-&{i> W*«3iC 
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[0 0 2 0]-*, £©ft;K0©TIRfflfc:o^T#it4 

it*«4{;f3*©«to{co.2 ° <<9t-rs©*saa 

b<> 5 KfS*©cfc 0(30.5 ° <d£?tl&$t> 

b^o 

[0 0 2 1] gcfc, ^:%i|l9Ki jMKifflC^ en«9SllS«f^ 
feUfflgi: bTtt, M^e 6 iclB*© J: -5 Cfif*» 
£ftT<^ftOLiNb x Ta^ 0 3 (O^x^l) 
^ ^#JS7(ClBfc©«ta{;MgO*sH-7*^nfcLi 

Nbo 3 mm&mi 5>ft5#, #«m§-cB:- ! ent:iH& 

-*\ ZntfK-^n&LiNbj Ta^ 0 3 MS 
-S\ So, MgOtfH-7^ftfeLiNb x Ta l-x 0 
3 JStR-SN KTiOP0 4 , KNb0 3 ^©-ecDft©« 

»3&»e»«:a*tRftfflv^4ckt»qrffi , c*s. ±ia©Mg 

04»K-^nfcLiNb0 3 Sfittt^ 3fciB«lc3SH© 
t\ V>K-7©LiNb x T ai-x °3 *tRV*t>* 

bV\, 

[0 0 2 2] ±IB«J«CD3t*S*«UR ; F*#'5fc 

imsmms&i. *©e«a«©faSK:»b-tft«e 

(0° <0<9O° ) ftat-TfflTf* v M/T»tR*JBJSK 
Sr^mh-r-5*»©T*fe-5o 

[0 0 2 3] ft:fc£©*ifcJI^&3il?©m&£&K:fcl> 
T, ±ia«»©eiintt» W*ffl9t:8B*©J:'5C» -ats 
C«lt)ftW&3f^*->©«aft^bTff*:'5ii:C 

[0 0 2 4] £fc£©J;oft*&£ffl^3i§1?rfci:> If* 
S 1 0CBB«©«ta-K: N RSffiStf-l/TifiSMMEfcBHra 

[0 0 2 5] *fci©«»©ei4ntt, m&m 1 i t;fB«o 

©j:^c=iD^«ffi*afflUT*, *6ciiii*ai 

nf#5-fe©T*$>^o 

[0 0 2 6] ^WCiSjfcSESXIjl^yi-^ 
SfiSESUR^i^ £©5fcttfi^** : Pffl#»«El&fc3S* 

fcfre>ft>3, fit, 3feiK^^^*^003fc2gtlSBSt3*JV> 
T V — !f- If- A A 5 T E ^ - K T-mfc-r 4 «t 5 C #tfi££ 

[0 0 2 7] 

[*«©»*] ±E»j*fe#ra>wsw©#ifcftaE»* 

^t^WTBU H 1 £^£o£StS2©g£g#88©rnl 
§^$5Z«*(rIAS, IS««1Ii2afc*rLTSififctt& 
■3T^ft^©T% *«W*U— tf-3*»6lti»bfcl/-tf 



-£-A4£^©igi&§l{!ft#|Rl <$SBlQ#fil) #»K3t 
92a t^ff i:**ttJBIrtf*«ftB 1 CA«*« *k 
#»£#*J8R d 33 #f ijffl * ftT qJtB i: ft 

5. ft&£©i§-£> U-1f-tf-A4©*^^ h;i/© 
|p]£li»g3?®2 at¥fTftrp]£fcft !K Ru — »f-tr 
-A4tt3fe*8a»lfeTE*-K"Ci9Srt-So ^©££ 

©n»«j*^«WB**je»ttd33C08 et^5„ *fcia 

lT-(i> lUi£bfeia'3*J:V4*©*©i:FHf©53RC 
[0 0 2 8] ±fa©<fc3£s tf-tT— A4£-f©i( 

Mwsfaifwg&m 2 a ^ wfcfc4tt*-«fc*»» 

itfjiH© A/ 2 S«tt5FS-? »*jR>J»^*H:1B*& * 
©fcfciK tf-3*)tt#«HHffli«iiit:ifia5 
«i^-rs^i:*»nIlli:ftS. \/— tf-tr-A4£ 
3©<t o t LTMiSK 1 C t^^li, Mjib 
fc <fc O i3 1/ -If- fcf— A 4 (Dim&Xtk 1 ^<DAtJ%]&<$> 
iS5< ^C«.o 

[0 0 2 9] ^bT> afetR2©Sf5d«ffl|q!*o*-!)Z 

*x H 2 t^r J; 5 C -f>S*« 8 ©«*dtta* 
WK:d=FLtan fltfeitf, H4©t£#aH5CHbTK 
B^bfe M-T >3UE««©|£4«D 1 /im$#fitn« 

d = Ltan 0+1 urn ( 1 ) 

hft3o ^3T'L©fItt, M^f>S^t5tS)Ci 

w-fanmu&^T) ©^ssci-aTifiRwc^iEs*) 

©T*(ift<> 0©<M#*£<ftSi3onT^A^£Mfp] 
ft&% &£H4fc*bfc«*St«fc:;&v^Ttte 
= 0° tbt^-f >SIE»8*JBfiE-r*A>&LA««/jN 
fcfttK El 3 K*Lfcfi£**1tC#^Ttt0=9O o i: b 

[0 0 3 0] <IS;^-rsc:^ 
CJ:D, H^>f >S*aW8©«*dft+»t:^:*<-r* 

[0 0 3 1] *^B^©^s*^^^i-;K^ ±IBffi 
!«©3t*fi*SyR : ?*fflV'>fe±tf, HKCl/— tf-bT- 

LtfeOtSS)!?^ ±JE©a5CU— tf-tf-A©^ 

*ft*>©i:ftf), -fbTiaiv^iRfixsa&^^ens*. 

©£ft3o 

[0 0 3 2] J; D, /Df >SE»Jfc#«HIK:* 

V^T^tr-A*STE^>^;i/^- KT-^ffi-T S©ttv Z 

Wii^Kaffl^^ft-r^je^Aso 0 <0<7o° ©J®-&-e 



(5) 



4fgfi¥9-218431 



IbZh^XhtlT^Z (^!l^.jiJournal of Optical' Com 
munications 5(1984)1. ppl6~19#^) o #38HJ§k::fcV> 

&<fc£*l3,fc'5£fcao 

[0 0 3 3] 7"n h>*ift*J:rJ t *©»©7 , =.— 
^>^;i^-h"C-Wr3©fct, ZihlSiBfc^ 

20° ©ttHfcagsrfa^ ««*»)Wft*A<«i*ns 
[0034] «*©%g£att*#??&*i£*a 

gp©*i©it#l : ITS?.) F->«-f >fiteBSftJBJ«b 

«Ua50>um2:&3££#3-frt>&. 
-H©ISt^#tt«*ilBI<-rSfcl.2 ,um«tf£fc*-acii: 
b£#^>Tii3>£© (1) 5S<fc9, 0=0.2 ° 
fcrntfH^-f >£<£»©«£ d = 1.2 #mh&D, H 

*fcSKBI-9-'f XfcftS. bfe#-=>T> 0.2 ° <0t-r 

£>);&£•&©£&!), <&£ft£i? 

[0 0 3 5] **=e- 1»©#WMTtt±ifc© «fc-3 1 

S/>T-1.2 /imgSitSChtfT^S^ d©##*p 

h* s T*#So ISBLhHU £©#»*- l*©lMMIfiM.4 
jam J; D^^ftnfmg|5^* s ^#^ES^^bTA^ 

s. «fi£© (D Sit), 0=0.5 • fc-rn«F.*-r> 

SteSP©aS*d = 1.4 jtimfc&SCTN 0.5 * <fltt 
[0 0 3 6] 

iftwonmmm] wTBHBMWHbT, *«b^©h 
«©»JBft»wrs, B5tt; **wffl*i©^as©^ 

Mg0#5mol % K-r^ftfcL iNb.0 3 (J2l 
T, MgO-LNk»t«) ©S^T-feSo C©MgO 
-LN»«2<±, 06C^t<t^CMgO-LNffl-f'> 
rfvb2* <&ZW^[qI(;*fbTftfi0=3 0 S^-T^IpI 

c*yK w^bTf#e>nfct.©T-fet)> ^»bffla 

#&£nT0iJ;LfcfJi;*O.3 mm£BfiE£ttTU3c ft 
*5, d©5Jfa^JS0 = 3° ©|»Kt±±0.1 ° 
[0 0 3 7] W±OJ;-5K:JBdl*nfcMgO-LN»S 



2©3tp2a, 2bi:WrXttfcia^-r«^r|q|, *5<fc 
V»fik®2a, 2b£*tbTfiifi&;£|nlii**l^ft, 
Z*ft^|Rl43J:?>'YW^[pjC*fbT^lfi0 = 3 o 

fpji:ft5©T\ 3ne.©*[pj&®i[6<]^^n-enz' # 

fpj, Y* fifotVprz (ttT, Pitt) . 
[0 0 3 8] ±EMgO-LN3StR'2©£ffl2 a, 2 b 

c, 0 5©iotc^n^ti«i5ffj««iio, ?iRttsii«ai 
ow, +zffloc(a«-r*«^«aio©**»iE«(ft, - 

t, psmsio, nrs^^^m&^ma-t^t, muz 
iRBS0^-rs«tdc> +z*iDj%iqjv>'rv>fca«2©g 

^«©iaS#«ffiffita»4H::i3V , >'r,R*sbTs K*-f 

>s<E»8a«fl5<«*na. ft*±KS»^a©ia*e, 

«*53l@2 aCSUT 0 = 3° «V>"r#»>, bfcA^T 
h* * -f ySfegP 8 ©#8r©|p] * &S*S3IB 2 a C*T bT 

hj«jc«< itc^So 

[0 0 3 9] *«Tftts W^WB10j3J:V¥fiWBll& 

CrfrfjfMlfe* 5 , Mg0-LN1«2J;H1^ 

zt&T-g&a «j&«aio*«trf3|i*«aiittffl»©7 

I±#ij;tfcf20~100 /zm s A^I^ i±mK6mm, PS* 
#110, llMC^+y^GttfllAttlOO ~500 Atmfc-rn 
{£±^„ £&^«8ilO©MI»JA«:4.75>um, Sffig© 
S^^iVfitt-en-^niOOO/zm, 0.5 /zmtbfe. * 
UT¥ttWfill©«, -Tfttn&Z' ^©imiilOO *t 
mi: b&o 

[0040] ±ta©«EWin(±, «?&© y - * ftKit-r 

{£5 xlO" 6 TorrJjlT£:-f 3o £©<fcd tK^ff T* 

acbtfc.tvi. sfcMnWffiffl^^u^iiii, i~iose 
c i:-rtiif<tv-io 

[0 0 4 1]ftH^-f>fiSi8tt, ffIiD«£E* s ^:§V^ 

.tat, «»«i*^'r>s«s«iJi**jfflb"c«Ra£»-r5 
©*«c&[Ri©**©Jt<»« i : loiisca^&a. c 

©ifcj^l : lfcJfeiffltt, WAtfJiIB^f* v^G**200 

/zm©*&ttWftl«E*W4000Vtb&i:*, 

GdHOO Atm©»^H:9JiD«£Eftft3500V|C bfe^^T- 

feSo cn?>©ft®*jE©tt{±, sKSK^sscas^ 

bfe^©t)©T-fet), ^KTgJS*0>Jx{i2OO "Cii-TS 
ts *»^©«a«EEtt«Il/3J:ftS. 

[0 0 4 2] W±©«t aCLTM-f >S^S5 8 
^nfeMgO-LNa«2SrZ' ^[SltCSilftfflT-WBf 
U ^©Kffa**^5ff«bfe^, HF hHN 
o 3 (mm) tifil : 2 lZW&tStiXH PHI 
£ffl^T, 20&lRmRx.y*'l'#*fTlZ-z>1z. Z\(DMiR 
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M-f >S4E^8#^<£d£»J$;*ftT0 5*> 
SBlftllt: «t.5 WSfTJ § 3 <t 5 & 5. 
[0 0 4 3] ±8BWI!©B(flI«^J|fc, huIBBI 4 CijS b 
fcfit*©******? (*«tmttRlfc<MgO-L 

35rfc*H&20OOfflrC*»K ±i£©<fc5C bT F^-f >M 
«»8*^fi8bfcMgO-LNafeR2©*<l*, M-f> 
A 5 <£ 5 Si < AM * nT V > & Z. k. . 
[0 0 4 4] £flKflt|fcB\ ±j£©j:5K:UT?KJ«*nfc 
M-f >fi<gfflJ8©R;SB:2~3//mT*?K 134(3^ 
Ufct^©*****!*? >StegP©^ 
2 (MmgK) fctt^Ts M-f >fi<ESB8©«;5;fl* 
2~3{gi:&^-c:t->-5o 

[0 0 4 5] Jfcfc±KMgO-LN»K2fc, WTCt 

>£te)W^S< fcr>T^4«B««lO©^jfi8*:. 

mWHDyxhVW^yj— z* ^(Si©liA s 5 
~9>umgje©^H (*^JT*i±Ta) ©v***^-* 
-So ^©tC©MgO-LNafi2CSbt, tTD'J> 

VX * £:n bfc^ *£lf> C *^T35 

0 °CT lB#KT=-;i/-r-2)o W±©«WIK:«t»)» 01 1 
qttidCx K*-f >filE» 8 ©36 V#l&Ci&-3T3KF 

[0046] mz±mMgo-LNmm2(Ds 

^3t*«Hll©iBiij*^tr-Xia*J:V+Xia*3t*W 

t<tot, ^©^stAajMHii^zofca^aotejifcUT© 

^agftp— !f- 3 , J6Vt:«*«A»*^* (n U ^ - 
*-U>X5 fc!*U>X6 4:*»6JfcS) CJ:D3t*fi 

£ bT3SJg?Kfi950 nm?g©&©£ffll,\ *Z*»e>$8* 

T, &S#l/2ffl]g2iftSi?££$8££-tf;fco 
[0 0 4 7] Hjt-f >Sftffl8 4*U— tf-tr 

- A 4 ©2?fi^lpJ t/aWS<JC# 5 £ bT Y * 4 

>S<K«Jit:j:»), 3S**fci/r©i'— tf-tr-A4fc 
* ©t*§ 2 i« mfo t. &mm-& (v ^ t> $ a mmmm-^) 

xefccfBt^rv^XyM;!/* — 9&ffi8&bt\ 
ft; 1/ — tf- 3 ©«*- KSDy^Ufc. 
[0 0 4 8] ±fB©*«EfiaE«l : E5'i— -»HC*JV^Ttt, 
MgO-LN3SlR2©a»»a©r9*o*t) Ztt^fil 
afeRaB2at:«UXIiifiC:tt«:-3Tv^v>©t?, 
^afitft; u— tf- 3 fflftf b fc U — !f- If- A 4 fc-tffl 
£l»fl*#ffl (^WQ^I&l) #»*&gffl2afc3MTi:& 

z>vtm-cftmw& 1 c ajw ^-b-t *k #«j&#5sjsRd 



I/— If— K-A4C0V^"C©tHWtr— — 
i£©3§5jS* s *§<:&S. l/-1f-K-A4tt#3Mft»l 

£jRttd 33 c68 etteZo 

[0 0 4 9] C©ti^©ttJ&Sfc©&*8r*l±180 X/ 

Wcm 2 T*£D, #Rtf£fi0echnical Digest Of The 
Fourth Microcytics Conference And The Eleventh Top 
icalMeeting On Gradient-index Optical Systems p. 15 
43fCiE«£ftTV>3x XSfellY*'ybOLiTaO 

3 &RK.ftm&»%£vmm m -f >£te«5§£ff^b 

T 3 fle*©3t«**«*?©«l»«l*55%/W c m 2 

[0 0 5 0] *Ci8 4#iU, *^B^©^2©HS£ 
©ff2<§tol>T!&BJ3-r3 0 £©H8fct, *»|2© 

bTOSo fc^OiaSC^T, 0 5tf©4»©i:|3|^F 

ttWCjfcBCJ&ci^R <& (KIT, PMS) o 

[0 0 5 1] d ©$g 2 ©%RE©JftBfciu 16 1 ©*W©?K 

mtttm-t^ts a*wi;ws«iii©ssiM{5ia©^* j 

g&a*>©T*&-So oSD^CDS^It itSM©*)©^ 
fiS©MgO-LNSt5 2©— #©it®2 at, mfcWM 

0, llfcffl^T. »l©H«©»JBC*i«-S©fcH«C 
bT^;ux*E*sTOn^n?>o 3fc*«««ffiio*J:W¥ 
««fiill©»tt^ ^tie>©F^©^f^^XG^©fifit), 

[0 0 5 2] b*»b*«K:*V>Ttts h*^-f>Ste^^ 
^MtegPi:©^*^©*^©^* 5 ! : l'fcttSCUU 

-yXG*S200 //m©»-^tt9]j)n«ES:^]1500V{3 b 
fcfc^s ^VfT'GiMOO ^m©^{±EP*DSBE^^J30 

oo v iz bt i: » t? d , a i (Dmrnmrniz # ^ a a® 

ii> 3fctRfiflEft^fit:ia3£bfe»-&©*»©"C*D, -© 
^**;KSfiS:^J^(i200 "Ch-rai:, $»&©JKaS 

jEtt^ji/s^^ao 

[0 0 5 3] W±ffl J:^ C l/TM^ tit ^ 
gC*j, S?^{±2~3/zmi:J5:oT*5!3s H4C^UfctS6 
*©3t«S*«yR^t:43W* H^-f >S*aB©«* ( 1 

jj.mms.) fctt^T2~3fls©*d*«»e>nTif^*. 

[0 0 5 4] *C±f5MgO-LNaS«2t:, SB 1 ©H 
JS©»JB4:R«C bTs -f >StegP©3£t>*7?rfiI{3?& 

v >*;i/jfc#8EB©i»® ft^tr- xffl* J: v+ xi^ 

©yfiSESXDlSR^ ftH l fcWaK bT*2jftil««^t: 
ffl^fei:^a> ^©^*>, ***»©tWHC»*l4180 
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%/Wcm 2 t-tft\ZM^t>Oiir<£r3tzo 
[0 0 5 5] *Ci9^#ibt, *mW<D%S3<DW 

mm\z.-D^xwm-rz> 0 c:cDBi9(i, ##gBj!©?&3© 
■mmwmiz x z itu^m^mT- % fe#>©-x 
fifc^btos. 

[oo5 6] c©m3©jiss©ff^*s mi<Dmm<DB 

[0 0 5 7] ^* 3 «*fiiio*<ty t ¥tR«?iiifflff^ 

*\ ^^©^©^'i'^G^Wffi^K * 1 .©f&8fi©JB 

[0 0 5 8] ^miz&^Xl*. -f >£*a»i:#,Bl6 
^t ©«$#[&!©*;* ©tfc#l : 1£&6CDBU ^2© 
S^«i©ff#i£:fcttS©fclltifc^Y ry?"G#200 nrxtfD 
«^-(iEPJ!)0*m*^)1500VCbti:#^ J?w7G&40 

1 ©^©^*lc#tt3«««£Effl4:l4S&^TirN 

»J£bfe»-&©t>©T»?K c©^*S«K&0iJ;?.fcE 

200 °ct?z>£, &m&(Dmmmj±i*®}i/3 tteZo 

[0 0 5 9] liLtfflio lc bTJfcfiK^tlfc -f >Sft 
«S*K $?£(±2~3 > umi:&^T;fc'K g|4CSj*bfcf£ 

^©jttt****?^*^* l** -f y&m.&<Dm$ ( 1 

/zmflSO fcJ£^T2~3{S©S£#f# l 3*vrv , >3o 
[0 0 6 0] &£±a3M g 0 - L NS« 2 fc, f§ 1 ©H 
MWWfcJBfcPMKfc: bT, -f >£fc»ffl&tf#fafci& 
■aTJiWS^-+>*;u**«EBft^jab, ^©&£©?- 

0 %/Wcm 2 fc+#£i^&©t&^feo 
[0 0 6 1 ] 0£#,«bT, #£SBJ§©fg4©f| 

4 (Dmmmmiz & & yeKfiaajijirpftmfc'r s &«>© 

— X@S:^bTV>So 

[0062] c©^ 4 ©*js©ff^fct> s§ i ©HifS©ffj 

»i:tfc«-r*fc^ MgO-LN£«2C«lft9Hlirrs 

»iS*«R3a:«t»©7f»*. oSD^Ttt, 3Dt$l 
Sti-3T«»* s 9]iia^tt.&o *©ft»CMgO-LN 
WSL 2 ©31® 2 a CtiU 8u j£© 6 © t H4R©W&«ttl0 
JtfBl&tttt&fU £©»J&*ttlOB:igJft£ftao ^bt 

M g O - L NS« 2 ©SiJ©SS 2 b dttfSrf S «fc -5 £ 3 
FSOtfEStu $W**II10©;£#iE*fiU =id 

(c, Mg0-LNli2i:3Dt^fi:it)tiS?in 



bfeo 

[0 0 6 3] fnti!)COa6*» + Z#|Sl£[pJOT 
KbTs H7Cja*bfc*>©fcBW© K*-f >£<sfiB8# 

j&ssns. ±Ei»»a©ia*i±N £©«£*£«* 

H2a{z^bT(9 = 3 0 M^T&tK Ifc^t^'f 
>SK»8©»«©|Rl*t»»Raffl2 aCWbTRiat: 

[00 64] )&*j±bh©3 n «t zmmmuit, 

1U 3D^y F30tt^*fcESb-tfT*"3fc. * 
*>\ ir©i'9C»^««i0SK^»ft:E« , rS'ftfc») 

g&jg^-'f ^f-BSBbTfcJ:^,, *fcd©«J»MD 
tt> ^^.{i/Vl'^Bt: 1 ~10sec tit, /Vl/^^fcff 

[0 0 6 5] ±m<D& o \z bTffM^nfe >sm 

3S8£, £ l©^aK©»«lfcra«CbTK!W»KJ: 6 IS 
*bfc*^ £©»£■* M-f>£«» 8©*;* tt, H4 
fc^biiHfc*©******^**** M >s«aw 
©gg£ (l/zmfSK) fctt^T 2~3{gt&^TV , »fco 
[0 0 6 6] «t±EM gO-L NS« 2C, $ 1 ©H 
aSfflJBJBfcRHIHc bt\ M -f >£*aR©#lF#|q|K:i& 

* > * ;i/3te*«tt©i«iil fe^ tr - x iB * <t w + x jB * 3te 

^©^fixsuit^siai tnacbTSB2jfiwi«»^ 

[0 0 6 7] jfcciai i*#HBbr^ *&ma>9LZQ>n 
5 ayfmfDMM iz «t -s ^sat^ ^#jes; -r 4 & »© 

[0 0 6 8] C©»5©HEMlfflJ&»tt, in*fSiWb 
&*K©J&»i:lttt-rstx MgO-LNSffi2t*il 

MgO-LNii2©iffl2a> 2 bC-ttl-etl, 05 

©t»©fcPi«©w&»Bia. TSWuiOTHOW-w&ti 

•5* s s «6ffJ««il0(ijg*^ns *bTWR«ailt:tt« 

[0 0 6 9] ^n{ct ?), + zfliEffirr sm&ttffio 

©^ASiE*^ -ZflOCttB-rSsWSWfiillffl^ft* 

fflS 2 © g ftj&B© [SI g *s«JE Win»dt *5U T Ste b 
t, B7t^bfc i fe©t|Bl«©H^'f >S<E»8A«JKl« 

?ns. a**±ree»^a©ra*tts c©^*ais« 

>fi<E»8©dtt©|qI*t>aSK*Bi2 aCMbTRIfllt: 
[0 0 7 0] ±IB« ; m40©jlSlttt> ««© 'J -i' ftK 
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watt i~iomc t-rni£&^° 

[0 0 7 1] Z(D£5iZ bT Y*4 >S<E» 8 ftJKjsS-T 

©tfc#l : 1£&3©& «fiilO N lldS©^-^^** 
200/zm©»&tt9iiD«£E*«W000Vfc:Lfci:#^ 
-J :/G#400 Am©»^ttWin«EftW3500VC bfeh 
£T-ifc£o £fte>©«WtBE©«H\ £&£A£3a£ 

is^bfc^-&©*>(DT'$)»3, SK£ft ft m 12200 °ct 

[0 0 7 2] ±igO<tatUT^^tlfeK^-f >ste 
gp 8 ft, Si (DmKfDBmt. RWC LTMWRC <t 5 ft 

fUbfc^ h*^-f >£fcg|5 8 ©$£«:, 04 

©S§£ (lAtmSA) fcJ£^T2~3{g£&oTUfco 
[0 0 7 3] #fc±EMgO-LN»R2K: % £ 1 ©H 

* y * ;i/^«K©4sa ft^tr - x a* «t v + x m ft * 

3©**ft*»*?ftia 1 fcl^fllfc UT»2]SBW«a8* 

izm^tztzz^ £©*§£•&, iSAXiA©ttir^ai8 

0 %/Wcm 2 t+frlzm^kOtte^tzo . 

[0 0 7 4] JfctBIl 2ft#HBLT, *«W©»6©* 
JISfflfaBfcov*TKifl-r3. d©0i2fct, #3gBJ3©£ 

6 ©iaK©jBJBt «t sAttfiiHftjR^ft^jiR-r a fc«>© 

[0 0.7 5] d ©!g 6 ©^tfE©BffittN IS 5 <Dmm<DB 

mtttm-rzt, a*fl«ic¥««aii©9iwfflas**»a: 

©-#©3IB 2 a £W&ttffl02: h « tC^fi«ttll^K 
[0 0 7 6] *CH1 3f#lLT, *mW(Dm7<Dm 

7 oommD&m c ± 5 stsfiaayi^ ftffca-r a & #>© 

— Igft^bTUSo 

[0077] i©*7©^QK©^«i*), msoamnsam 

©£ffl2 a*S«fcV2 bOHCiUHCTIRttailK^DN- 

we>*u ^©sFSWiicw^^swotfBRWsnTH^-f 

[0 0 7 8] JfcCBIl 4*#1UT, *%qil©£8©£ 
M©»fflCot^TKiH-r*. COH14fc #3^©!g 

8 ©£»©;&££ <fc 3 JtttSIHftSR^ftf^ldl-r 4 fc to© 
— Igft^bTU-So 

[0 0 7 9] £©jB8©*ifi©J&fflfc::feVvctt/8 5, 
6 *j J:tF7 ©IQfi©»JBt:*v^-Cia!W-6n& I NR«ail 
fc£tSftt£ftfc<^. -£bTMgO-LNffig2©aH2 b 



±i&bj§ b & © 13&© k * -i yEm$i> tm&z n s e 

[0 0 8 0] £;}301 C*L/fc*»*SIII*ya.-;i/Tf 
{is n> bvvx7^;u*— 9ft^ttTi)MSf*:u— ■ if- 3 
©tff^E— FftD bTV<3#, -€-©ffe©^t«toT 
^©IKt-Kiny^rscfctiqlffi-efcS. 0HA.t£l8l 

20^e.m*fbfca*^i: bT©u-if-tr-A4*j;w f 

*©»2ES««4* ft=MJ*—* — U>;*50K: 
T-SStS U— tf-t-A4{id©y-f^D^ 

^•a-T**^u-if-3tM-rj;di3b, ioyb-r 

></52©?fcRa#?ttft;f«Jffl bt^ftl/- if- 3 ©fi* 
^E- Fftn bTUSo 

[0 0 8 1 ] ifeBl 6 t^-TJtt*JI*ft ; E^A-;i'Tf 
ttn #S*Sa^^20©*iaic*«flsi/ - V- 3 

[0 0 8 2] MgO-LN»|82CW§ftffl;(rair 

ffe^j * tf jum-f * > k - a s Hswr s *ts* * ffl v ^ c 

[0 0 8 3] W±»Wl/&MgO-LNafi2 
f±> *©affl2aC3pfT*:^|Rl*«tVfiifift*|qlK:^L/ 

©jebH^f* ^>ns c: i: tt a a. 
[0 0 8 4] S £t±BiW bfe^^ESttyn h y 

* b x * 5 ^#&ss v nt t» «fc v > o 
[0H©fS^iftB^] 

[Ian *&w<Dm i (Dmmmmiz «t s 

[0 2] ^^©JfcKfiXISIiR^C^WSftRC^ffi© 

[03] fsMEojfcasa^aHR^-^is^-mwia 
[04] «*©jt«ft*9uR?©su©wft^r«*ia 
[05] *mmm 1 ©*w©^*t3 =t -s^s^si* 

[06] H5©*iftft*8i* ; ?tiffli^nsa«©*?' 

[0 7] H5©3tt«gasSUR?£JIM3ft* K^-f >fi 

[08] *mm%2<Dm&mm\z&z>?tMmm t 

[09] *&W<Dm 3 ©%Sfi© j&Sfc: i 5 ^tftfiXiyR 
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[011] *»WCD»5oieMiojBJBK:J:S3t««ffljl 

[iai2] *.&mv>m 6 ommmmiz «t s 
[013] *nm<DiG7<Dmm®fm£.*.zft9L#.3&t 

[014] #^©Ml8©^©ff£S?C<fc3#fcft£g| 

[0 1 5] %%m(D%MM^:i/ ^-^(D-m^-t 



[0i6] ##8fw©#&sg&^i^-;i/©sy©#j&^ 



[017] **«§©*«*a£tjUR?©a«cjKrii*nfc 

[018] fie*CD3t*Ra£««?eD»Rt:^$nfc K 
[019] (£«©^«[S%8yK?©IBIJB«Rqi9-rSKU9 
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